Abstract: Urban Consolidation Centres (UCCs) are a popular measure in city logistics, but many of the UCC projects are granted only a short life. These facilities are often view as creating benefits for the society and costs for the private sector. Recent research and experiences show however that additional value-added activities performed in these platforms are able to increase the attractiveness of these city logistics schemes. This paper proposes the application of the Supply Chain Operations Reference (SCOR) model in order to assess the impact of the UCCs on the overall supply chain performance. Authors first perform a review of current evaluation techniques for the UCC projects and highlight the relevance of a supply chain focused approach. They present the Supply Chain Operations Reference (SCOR) model and discuss its relevance for the evaluation of UCC projects. They then analyse 10 recent UCC case studies which leads to highlighting the existence of three distinct operating models. Finally, they apply the SCOR model to the different UCC operating models. The study confirms the UCCs on the reliability, responsiveness and agility of the supply chains. This brings an innovative aspect to the UCC projects evaluation which traditionally only focuses on cost, environmental or asset utilisation related metrics.
Introduction
Urban consolidation centres (UCCs) are a popular measure in city logistics (Verlinde et al., 2012; Ville et al., 2012) . They have been subject to many trial projects and implementation cases. Allen et al. (2012) identifies 114 UCC schemes in 17 countries that have been the subject of either a feasibility study, trial or a fully operational scheme in the last 40 years. However, many of the UCC projects are granted only a short life (Verlinde, 2015) . (Lebeau et al., 2015a) demonstrate that a large majority of the UCCs that were operating in the previous decades have failed. In a European review of 75 UCC initiatives, Morana et al. (2014) find that only 30 (or around 40%) of the considered schemes are still operational. This figure is however to take with caution since it accounts for UCCs whose start dates extend through a long time period.
UCC schemes are traditionally seen as creating benefits for the society, but creating an additional cost for the private sector. On one hand, Verlinde (2015) performs a systematic review of 93 unique UCCs impact assessments and find a positive on the urban freight vehicle kilometres (79% of the ex-ante assessments and 100% of the ex-post assessments observed a decrease), confirming their potential to decrease the environmental impact of the urban freight transport. On the other hand, there is a general consensus that the transhipment operations introduce an additional cost in the transport chain (e.g. Allen et al., 2012; Browne et al., 2005; Marcucci and Danielis, 2008; Verlinde et al., 2012) and the failure of the UCC schemes in the past has therefore resulted in significant concerns with regards to their financial viability (Quak and Tavasszy, 2011) . This specific vision on the UCC projects results in the necessity of introducing public subsidies that aim in offsetting additional costs for the private sector while maintaining the societal benefits. Browne et al. (2005) find that there is no strong evidence that any truly self-financing schemes and indicates that the success of the UCCs is dependant on the availability of public funding whereas Van Duin (2009) mentions the existence of subsidies as one of the major success factors for UCC operations.
Most of the existing evaluation techniques used for assessing the UCC projects reflect this specific vision. Browne et al. (2005) summarize the metrics that are typically used in UCC evaluations. We can put these in two following categories: measures affecting the environmental impact of urban freight transport (changes in the number of vehicle trips, changes in the number of vehicle kilometres, changes in the number of vehicles, changes in parking time and frequency, changes in total fuel consumed, changes in vehicle emissions) and measures effecting the efficiency of the last mile operations (changes in travel time, goods delivered per delivery point, vehicle load factor, changes in operating costs).
Recent research contributions and recent UCC experiences show that UCC projects can bring benefits that go beyond the environmental impact. UCCs can create value further in the supply chain and improve the overall supply chain performance. This is particularly relevant for some novel UCCs operating models. In fact, the purpose and design of the UCCs schemes has evolved over time (Allen et al., 2012) . In the 70"s, UCCs were seen as simple transhipment points (Allen et al., 2012 ) -however, transhipment operations do not add any value to the cargo and generally create an additional cost, resulting in a negative economic impact. However, recent UCCs experiences offer a range of additional value-added services that go beyond the consolidation and crossdocking (Panero et al., 2011; Triantafyllou et al., 2014; Allen et al., 2012) and that can increase the attractiveness of these logistical platforms. For example, Allen et al. (2012) and Björklund and Abrahamsson (2015) find that the implementation of an UCC can result in value added retail and logistics activities for the receiver and enhance the supply chain efficiency.
In order to account for this effect, several authors (e.g. Browne et al., 2005; Marinov et al., 2008) highlight the importance of assessing the costs and benefits of these initiatives in a wider context and analysing the integration of these initiatives into the larger supply chains.
In this framework, this paper aims in analysing the potential impacts of the UCC schemes on the overall supply chain performance. Authors first perform a review of current evaluation techniques for the UCC projects and highlight the relevance of a supply chain focused approach. They present the Supply Chain Operations Reference (SCOR) model and discuss its relevance for the evaluation of UCC projects. They then analyse 10 recent UCC case studies in order to highlight the existence of three distinct operating models. Finally, they apply the SCOR model to the different UCC operating models and conclude with regards their impact on the overall chain performance.
Using SCOR model for UCC projects evaluation

Current evaluation techniques for the UCC projects
Evaluating the city logistics initiatives is a crucial task for the scientific community (Danielis et al., 2015) . The evaluation of city logistics schemes involves consideration of a wide range of benefits and costs for both the public and private sectors (Thompson, 2014) . It also brings some specific challenges such as the diversity of the stakeholders and objectives, the difficulty of assessing the costs and benefits, the lack of definition the problem owner, the lack of data or the diversity of context (Balm et al., 2014) . The variety of approaches for the evaluation of city logistics initiatives documented in the literature reflects this complexity.
City logistics initiatives evaluation techniques can vary according to a number of factors. They can be ex or post evaluations. They can be categorized as either single (monetary) criterion or multi-criterion (nonmonetary) (Thompson, 2014) . Evaluation techniques also vary according to the scope of evaluation which is related to the definition of the system boundaries that need to be defined for designing surveys and models (Thompson, 2014) . Danielis et al. (2015) summarize three approaches in the performance evaluation techniques for the city logistics with regards to the evaluation scope: (1) evaluations at firm level, (2) the firm within a supply chain and (3) the supply chain in a city context. In the specific case of UCC evaluations, Browne et al. (2005) highlight that the boundaries of the evaluation process should ideally be as far-ranging as possible, but observe that previous analyses of the impacts of UCCs have tended to focus only on the very specific changes in goods movements, while ignoring any wider changes. Finally, evaluation techniques can also vary according to the number of stakeholders included in the analysis. We will now summarize some common evaluation approached to the assessment of the UCCs in the literature.
Some articles focus on the firm level and discuss specifically the financial viability of the UCCs. In this category, Janjevic and Ndiaye (2016) investigate the financial viability of the UCCs by specifying the potential revenues and costs linked to its operation and Tsamboulas and Kapros (2003) develop a model for the financial evaluation of investments for a Freight village with public and private financing.
A common approach consists in evaluating the UCCs based on the logistical indicators (e.g. UCC throughput), the economic indicators (e.g. financial results of the UCC solution) and the environmental effects (e.g. reduction in the vehicle-km or reduction of the emissions). For example, ADEME (2004) performs an evaluation of the UCCs in La Rochelle and in Monaco and presents the operational, the financial and the environmental results. Morana and Gonzalez-Feliu (2010) provide an assessment of a UCC Cityporto in Padova (I) by discussing its profitability as well as the environmental and social effects. Van Rooijen and Quak (2010) examine the impacts of the Binnenstadservice UCC on the city of Nijmegen (NL) after one year of operation by focusing on logistical effects (e.g. number of truckkilometres in city centre, total truck travel time) and the resulting effects on air quality, noise and hindrance. Browne et al. (2011) evaluate the use of an urban micro-consolidation centre in central London (UK) by explicating the environmental effects (distance travelled and greenhouse gas emissions, daytime road occupancy, kerbside occupancy while unloading) and the economic effects (impact of the trial distribution system on operating costs). LaMilo (2015) provides a comprehensive business case of a Camden Consolidation centre (UK) by detailing the commercial, operational, financial and environmental aspects.
In some cases, the effects of the UCC on the users (e.g. level of service or cost reduction) are included in this analysis. For example, Van Duin et al. (2008) performs a cost-benefit analysis in order to assess the effects of the introduction of the UCC on the city distribution centre (i.e. its profitability), on the public affairs (i.e. the societal value) and on the commercial stakeholders (i.e. costs and benefits for UCC users). van study the feasibility of a UCC in Hague (NL) and provides costs and benefits of several scenarios by focusing on three main elements: vehicle kilometre reduction, the net benefits of the UCC and the service level for the stakeholders. Quak and Tavasszy (2011) follow-up on the analysis by Van Rooijen and Quak (2010) for the Binnenstadservice UCC on the city of Nijmegen (NL) and detail elements relevant to the impacts on the users, such as savings by the carriers. Leonardi et al. (2015) performs an ex-ante assessment of a network of UCCs in Luxembourg, by estimating economic effects (e.g. cost per parcel for the users) and environmental effects (e.g. emissions per parcel and distance per parcel) of several scenarios.
Other articles focus specifically on the effect of the introduction of the UCC on its users, which can be monetary and non monetary. Janjevic and Ndiaye (2015) develop a model for assessing the effects of the introduction of a UCC on the cost of deliveries in Brussels-Capital Region (BE). Van den Berg (2015) analyses the potential value creation by the UCCs and differentiates it according to the direct last-mile value and additional network optimisation value. Blom and van Nunen (2009) identifies and quantifies the value of Binnestadservice UCC in Nijmengen (NL) for its customers. Roca-Riu and Estrada (2012) provide a model estimating the effects of UCCs on the operational costs and apply it to the case of a UCC in L"Hospitalet de Llobregat in Barcelona (ES).
A novel approach in the evaluation of the city logistics measures is the business model analysis. A business model analysis is an explanation of how an organization does business, describing the value that an organization offers to its customers, and the activities, resources and partners required for creating, marketing and delivering this value (Balm et al., 2014) . STRAIGHTSOL project (see: (STRAIGHTSOL, 2014a) ) applies the business model canvas to assessing the UCC in L"Hospitalet de Llobregat in Barcelona. Björklund and Abrahamsson (2015) analyses business models of three successful city consolidation initiatives in order to identify critical components, similarities and differences between the models applied.
Another approach for city logistics evaluation is the multi-criterion evaluation. Multi-criterion evaluation techniques allow both quantitative and qualitative multi-dimensional effects to be incorporated (Macharis et al., 2009) . For example, Gonzalez-Feliu and Salanova (2012) propose a multi-criteria approach to assessing collaborative urban freight transportation systems to help the urban goods movement decision makers in their strategic choices (for both public and private stakeholders). The MultiActor Multi-Criteria Analysis or MAMCA (see : (Macharis, 2007; Macharis et al., 2009) ) allow integrating multiple stakeholder views and has already been applied to a series of city logistics initiatives, including Urban Consolidation Centres. STRAIGHTSOL project (see: (STRAIGHTSOL, 2014b) ) applies the Multi-Actor MultiCriteria Analysis to assessing the UCC in L"Hospitalet de Llobregat in Barcelona (ES). Lebeau et al. (2015b) apply the Multi-Actor MultiCriteria Analysis for assessing several scenarios of implementation of UCCs servicing the BrusselsCapital Region (BE).
Finally, another emerging evaluation technique for the UCC evaluations is the multi-agent based evaluation. Multi-agent system provides potential to meticulously replicate the urban freight movement by mapping complexity of domain, time and discipline simultaneously and describing the domain naturally and flexibly (Anand et al., 2010) . Two papers apply agent-based modelling to assess the introduction of the UCCs. van Duin et al. (2012) develop an agentbased model in order to assess the dynamic behaviour between stakeholders linked to the introduction of a UCC. Wangapisit et al. (2014) apply a multi-agent model for studying the effect of city logistics measures consisting of the joint delivery systems, an urban distribution centre, and parking space restriction.
The literature review performed in this section shows that there are in fact numerous approaches to UCC evaluation. However, it is to be noted that despite the recommendations made by several authors, no supply-chain specific approach has been applied yet to the assessment of these city logistics initiatives.
Presentation of the SCOR model
The Supply Chain Operations Reference (SCOR) was developed by the Supply Chain Council in 1996 with the objective to conceive a framework to evaluate and compare supply chain activities and performance (Supply Chain Council, 2012) and is now widely used both in research and industrial sectors (Bolstorff, 2007) . The basic purpose of this framework is to define a standard supply chain model for any industry, helping to structure the whole process and to highlight key aspects specific for each organisation. The SCOR process reference model contains four major elements (Supply Chain Council, 2012; Huan et al., 2004) : (1) Processes (i.e. description of processes and framework of relationships between the processes); (2) Performance metrics (i.e. metrics to measure process performance); (3) Best practices (i.e. practices that produce best-in-class performance) and (4) People (i.e. training and skills requirements). In this article, we will focus on the two first elements of the SCOR model.
The description of processes in SCOR is made according to a four-level structure (see Figure 2) . Process types are decomposed into process categories. They are decomposed into process elements and finally into industry specific activities (Huan et al., 2004) . The last version of the SCOR model (11 th version), published by Supply Chain
Council describes the supply chain at the first level, with the following processes for each organisation: Plan, Source, Make, Deliver, Return and Enable (see Figure 1 ).
Figure 1:SCOR as a hierarchical process model (Supply Chain Council, 2012)
SCOR also provides generic performance metrics. The Supply Chain Council supposes it is impossible to effectively manage the supply chain if every supply chain partner uses different metrics (Supply Chain Council, 2012) . Alignment of the metrics throughout the organization and with the goal is mandatory for performance of the overall organization. Performance indicators/metrics proposed by the SCOR model are divided into 5 categories of performance attributes: (1) Reliability (i.e., the degree to which tasks are performed as expected), (2) Responsiveness (i.e. speed at which tasks are fulfilled), (3) Agility (i.e. an indication of the capability of a supply chain to answer to change and external influences), (4) Costs (i.e. how much is spend throughout the supply chain) and (5) Assets (i.e. how efficiently the organization is using its assets) (Supply Chain Council, 2012) . A detailed overview of all SCOR metrics of the version 11.0 can be found in (Supply Chain Council, 2012) . Finally, SCOR proposes proposing a set of strategic environmental metrics (referred to as "Green SCOR") that can be added to the SCOR Model to effectively allow the SCOR Model to be used as a framework for environmental accounting (Supply Chain Council, 2012) .
Relevance of the SCOR model for assessing Urban Consolidation Centres projects
The different evaluation approaches described in the literature review in the section 0 correspond to specific views on the UCC implementation. We can see that most of the studies focus on the evaluation of the UCCs at a firm level (e.g. UCC financial viability) and the city level (e.g. environmental impact) or some combination of the two previous approaches. In fact, very few approached consider UCCs in a wider supply chain context. Several authors already highlighted this issue. Browne et al. (2005) conclude that the wider supply chain implications are generally not explored in detail within the literature identified as no comprehensive investigation of wider supply chain impacts has been found in any of the literature and highlights the need for further investigation into the total supply chain costs and benefits associate with the use of UCCs. Marinov et al. (2008) indicate that freight transport and logistics operations in urban areas cannot be viewed and studied in isolation but rather in the context of the entirety of supply chains that typically cross the geographical boundaries of urban areas. Same authors mention the need to raise awareness of the UCC concept, especially of the benefits from cost reductions through the optimisation of other supply chain activities as a result of UCC usage.
It is to be noted that some current approaches do integrate some level of supply chain assessment. For example, the business model canvas analyses the firm activities with regards to its customers and suppliers. In this framework, SCOR model can be used to identify the supply chain impacts for the UCC users before studying how to convert these values into revenues for the UCC in business model canvas. Moreover, SCOR model brings an additional point of view compared to the business model canvas. In fact, the application of the aforementioned evaluation technique brings challenges with regards to the definition of the problem owner or the allocation of the costs and benefits Balm et al. (2014) . SCOR model allows overcoming some of these challenges since it privileges the overall impact on the supply chain performance rather than local optimisation. For example, SCOR will to allow quantifying the cost variation for each supply chain actor, but will also allow aggregating this in an overall cost metric. Consequently, when considering a new city logistics scheme (e.g. a UCC), SCOR allows pinpointing the impact on the overall supply chain performance beyond its allocation between actors.
Another distinctive element of business model canvas for city logistics is the value proposition to society (Björklund and Abrahamsson, 2015) -in some cases, the value to society is taken into account as part of the value proposition (Balm et al., 2014) . The SCOR allows taking into account explicitly the environmental performance of the supply chain through Green SCOR metrics.
Another evaluation approach that allows integrating supply chain metrics is the MAMCA approach. However, this assessment technique has a larger focus as it includes a comprehensive group of stakeholders who can be internal or external to the supply chain, providing valuable information about the acceptance of the city logistics initiatives. SCOR has a more specific focus on the supply chain performance and its metrics could therefore be used as input for defining indicators for a MAMCA analysis.
Finally, SCOR method presents some additional advantages. SCOR model resulted from the consensus between several industry leaders and is therefore adapted to the supply chain requirement of a broad variety of industries and applications (Supply Chain Council, 2012) . It calls upon standard processes and performance indicators which provides the standards needs to communicate and enabling benchmarking (Di Martinelly et al., 2009 ). This permits to enhance comparability and put the evaluation of city logistics initiatives in a context of the evaluation of best practices across supply chains. Furthermore, the SCOR model is the only supply chain framework that links performance measures, best practices, and software requirements to a detailed business plan model (Klapper et al., 1999) .
There are however two main limitations of this model. First, being a "one size fits all" model, the framework can appear too idealistic. Sometimes reality needs to be fit into the model (Lauras, 2004) . Second, (LEPORI, 2012) signals that not all activities can be assigned unequivocally to a process.
With this in mind, we argue that a supply-chain centred approach and the use of the SCOR method that is specifically designed for supply chain purposes cannot replace the existing evaluation techniques but can provide a complementary view and shed a new light on the role of these logistical platforms in a context of a sustainable city distribution.
Identification of UCC operating models
UCCs projects can vary across different dimensions. Allen et al. (2012) classify them based on the type of operation and geographical area served in the following three categories: (1) UCCs serving all or part of an urban area, (2) UCCs serving large sites with a single landlord and (3) Construction project UCCs. Construction project UCCs are very specific with regards to the type of goods handled and can be considered separately, but the first two categories of the UCCs can share some similarities as they can both handle retail goods for example. Moreover, in a case where the use of UCC is not compulsory and the UCC is situated at an off-site location, the sitespecific UCCs are very similar to those serving all or part of an urban area. The UCCs within these two categories can however have significant differences in terms of proposed activities. For this reason, we will propose a classification of the UCCs within the first two categories based on the type of activities that they propose. In order to do this, we will perform a review of 10 UCC implementation cases, identify the activities performed in each UCC and then highlight the resulting operating models.
Selection of the case studies of Urban Consolidation Centres
In order to identify the new UCC operating models authors have analysed 10 recent case studies of Urban Consolidation Centres that were documented in the literature. Error! Reference source not found. presents the summary of the literature review and interviews that were performed. Lucca consolidation centre (IT) (Björklund and Abrahamsson, 2015) ; (Di Bugno, 2010) ; (Layman, 2008) ; (TRAILBLAZER, 2010c); (Luccaport, 2015) Cityporto Padova (IT) (Morana and Gonzalez-Feliu, 2010) ; (BESTFACT, 2013) ; (Rossi and Giordani, 2011) ; (Vaghi, 2014) ; (Morana, 2014) ; (Interporto Padova SA, 2015) ; (Pandolfo, 2015) ELCIDIS, La Rochelle (FR) (ADEME, 2004); (Renaudin, 2014) ; (Proxiway, 2015) Binnenstadtservice Nijmengen (NL) (Van Rooijen and Quak, 2009; (Blom and van Nunen, 2009); ; (Björklund and Abrahamsson, 2015) City Depot (BE) (Schepers, 2013) ; (CityDepot, 2015) ; (Lovens, 2015) Borlänge consolidation centre (SE) (TRAILBLAZER, 2010d); (Björklund and Gustafsson, 2012) Camden Consolidation Centre (UK) (Churchill, 2014) ; (Transport for London, 2015b); (LaMilo, 2015) ; (Symonds, 2015) Identification of the UCC activities
Based on the literature review and interviews, we have identified a series of activities that were performed at the analysed UCCs. In the following section, we will provide an overview of the different services and activities that can be offered by the UCCs. For each service, we will also provide a review of the potential benefits that were documented in the literature.
Consolidation and cross-docking
The consolidation is the basic service offered by the UCCs. It consists of consolidating multiple daily deliveries from a single or multiple suppliers into a single load to minimize empty-running, transport emissions and costs, while increasing productivity (Triantafyllou et al., 2014) .
In theory, consolidation can lead to decreased costs of operations because of increased vehicle utilisation. For example, (Transport for London, 2015a) mentions a 90% use of vehicle load capacity for the Heathrow airport UCC leading to a 75% reduction in the number of vehicles delivering to the airport. However, consolidation with transhipment does not always lead to desired economies of scale because of the costs involved with the construction and the operation of the transhipments as well as negative effects linked to the necessity of using a single transhipment point (Button and Pearman, 1981; Van Duin et al., 2008 However, the impact on the driving time seems to be positive. In fact, the cross-docking performed at the UCC allows for deliveries to be made to a UCC at a time to suit suppliers leading to potential reductions in transport costs (Triantafyllou et al., 2014) . Therefore, delivery companies experience an increased flexibility over delivery time (with added possibility of overnight deliveries for the next morning), avoiding traffic rush hours, and the option of scheduling vehicles and drivers at times which are traditionally quieter for deliveries (Jones et al., 2008) . For example, in Bristol-Bath, the 24 hours operations of the centre has allowed deliveries to be taken at any time of day or night (Jones et al., 2008 )(OSMOSE, 2007 . In the case of Borlänge UCC set-up by a Swedish municipality (see (Björklund and Gustafsson, 2012) ), it was also possible to deliver in early mornings when the traffic is less intense. This increased flexibility of the deliveries for transporters can also to lower cost of transport for shippers/transporters and consequently for receivers, knowing that some delivery companies were charging a premium in order to guarantee deliveries during some specific time periods (Jones et al., 2008) .
The cross-docking performed at the UCC also allows for deliveries to be made at a time to suit receivers, leading to potential reductions staff costs (Triantafyllou et al., 2014) . For the case of Binnenstadservice, due to the time-window regulations shopkeepers have high personnel cost since a part of the delivery is outside opening hours (Van Duin et al., 2008) . In this case, the control over delivery time is found to be as a major benefit for the retailers (Blom and van Nunen, 2009 ). Another example is one retailer in Meadowhall UCC who was forced to accept 6am deliveries despite not opening the store until 10am -the UCC allowed to receiver the early morning deliveries, store then until 10am an deliver directly into store (Yorkshire and Humber Assembly, 2004) .
The consolidation service also has a direct impact on the reliability of the delivery. (TRAILBLAZER, 2010a) and (Moore, 2011) report 100% on time delivery for UCC in Bristol. Similar conclusions are made by (Paddeu et al., 2013) who mentions the punctuality of deliveries as one of the advantages for retailers. For example, (Transport for London, 2015a) mentions a 99% delivery success rate, overall project plan reliability increased by 4% and the on time delivery performance to the retail outlets of 95% for Heathrow UCC. (Morana and Gonzalez-Feliu, 2010) mentions that a UCC in Padova has allowed to reduce of the number of failed deliveries since improves the management of the undelivered commands by reserving a special area of the platform for this purpose and quickly informing the customer and finding a solution to deliver.
The consolidation service also impacts the delivery time for both for the transporter/supplier and the receiver, linked to two factors: the decrease of the number of stops and the decrease of the delivery time. For example, UCC in Bristol achieved 76% reduction in delivery trips for retailers (Moore, 2011) and in the the retailer satisfaction surveys conducted in relation to the UCC, more than half of retailers surveyed are saving over 20 minutes per delivery tasks (TRAILBLAZER, 2010a) (Moore, 2011 ). (OSMOSE, 2007 mentions more frequent and scheduled deliveries to the Heathrow Airport terminal buildings, enabling retailers to know more accurately when goods will arrive, within agreed delivery periods, helping a retailer to receive merchandise in a shorter time, something that is greatly appreciated, leading to improved staff planning and productivity (Bastien, 2007) (Transport for London, 2015a). Several authors (for example (Paddeu et al., 2013) , (OSMOSE, 2007) , (Bastien, 2007) , (Blom and van Nunen, 2009 )) mention time savings for suppliers linked to more efficient delivery operations. For example, Borlänge UCC has allowed to decrease the number of stops by 50 -75%(TRAILBLAZER, 2010d). The reduction of the number of drops and the will also result in less uncertainty with planning for transport operators (Blom and van Nunen, 2009 ).
With regards to the duration of deliveries, (Churchill, 2014) reports a turnaround time of 5 to 20 minutes for suppliers" vehicles in the London Boroughs Consolidation Centre. This figure is in line with classic delivery duration (see: (Routhier et al., 2001) ), however, it is to be noted that this duration corresponds to deliveries to several receivers and that the overall time spent on deliveries is therefore reduced. For Heathrow airport, (Transport for London, 2015a) mentions time savings calculated to be 234 hours per week for Heathrow UCC.
Stockholding and replenishment
UCCs also present an opportunity for stockholding, inventory monitoring (i.e. information collection and analysis linked to in-store inventory systems (Triantafyllou et al., 2014) ) and replenishment (i.e. splitting big and unmanageable deliveries into smaller regular deliveries throughout the day, also called stock buffering (Triantafyllou et al., 2014) These services can yield significant benefits for the participating retailers. Stockholding and short-time storage and the application of the JIT-principle and the transhipment facility at the distribution centre allows shopkeepers to reduce their stocks in the shops and increase the sales surface (Van Duin et al., 2008) (Jones et al., 2008) . (Jones et al., 2008) demonstrates that in the Meadowhall Centre UCC in Sheffield, UK, clothes retailers have reduced from the typical 30% of back of house space to roughly 1%. Bristol, more frequent deliveries lead to less space is required in-store to stock products back of house, allowing retailers to maximise profitable selling space (TRAILBLAZER, 2010a). However, the effect will vary strongly between shops since the adjustment of the physical space is not always possible (Van Duin et al., 2008) . The service can also be relevant for some exceptional storage needs: in Meadowhall UCC, one retailer undergoing a refit of their store shortened the refurbishment period by two days by removing all shop stock to The UCC to allow more efficient working (Yorkshire and Humber Assembly, 2004 ).
The additional floor space can also allow increasing the product offer and availability, with many additional items available on the shop floor at any one time (Jones et al., 2008) (Triantafyllou et al., 2014) and an increased security of stock (Bastien, 2007) . For example, (Bastien, 2007) reports better product availability through increased delivery frequency and offsite storage at the Heathrow airport. On one hand, this can be relevant for products difficult to store: for example, in Meadowhall, one store did not have enough space to store products and needed daily deliveries to ensure constant availability -the use of the UCC allowed to drop from 7 to one delivery per week with 100% stock availability and an increase of 5% on the sales of the product in question (Yorkshire and Humber Assembly, 2004) . On the other hand, this can be relevant for the seasonal or peak storage (Triantafyllou et al., 2014) : in fact, (Van Duin et al., 2008) shows that it is difficult to stock small volumes for short and long term, preventing shopkeepers to anticipate with an extra buffer for their peak-season demands.
Replenishment allows to decrease the lead times (Rees and Gahan, 2011) , increase response to customer needs and therefore eliminate lost sales (Triantafyllou et al., 2014) . For example, retailers at Meadowhall have reported instances in which certain items have not been available within a store, but have been able to retrieve from the UCC in response to customer requests within the time that customers stay at the centre (Jones et al., 2008) .
(TRAILBLAZER, 2010b) reports support service of emergency or ad-hoc deliveries to the Heatrow airport at short notice.
Finally, Inventory Monitoring can also allow to increase the visibility of the supply chain and lead to better availability and service levels (Triantafyllou et al., 2014) . The use of the UCC allows more reliable and accurate inventory management (Rees and Gahan, 2011) . Moreover, a number of participating retailers are reporting decreases in shrinkage rates when using UCC schemes (Jones et al., 2008) . For example, (Yorkshire and Humber Assembly, 2004) reports that the Meadowhall UCC helped reduced stock shrinkage by 70% since it offers clear product visibility so that employees know the products are being closely monitored and acts as a strong dissuader for theft. (Moore, 2011) reports no losses and damaged for the Bristol UCC and the security of the deliveries in terms of damages and shortages is also reported as a benefit by (Paddeu et al., 2013) .
Gate-keeping operations and pre-retailing
Gate-keeping Operations consist of screening of delivered and returned products at a UCC and can help alleviate some of the problems associated with the quality of product returns and reduce unnecessary transport (Triantafyllou et al., 2014) . In Meadowhall, the UCC proposes the receipt and inspection of product any time (Yorkshire and Humber Assembly, 2004) . At the Heathrow airport, the UCC is a central point for receipt of all incoming deliveries and all processing including security scanning (Jones et al., 2008) . Moreover, the UCC performs performance monitoring and ensuring compliance for all the suppliers (Bastien, 2007) , leading to improved security (TRAILBLAZER, 2010b) . If the security question is particularly relevant for airports, we can note that other UCCs such as Meadowhall UCC can offer additional security measures over and above the warehouse security (e.g. sealed cages) (Jones et al., 2008) .
UCC schemes can offer a variety of pre-retail options (or pre-merchandizing activities), such as quality/quantity checks, unpacking, sorting, products preparation for display and price labelling, allowing to streamline the process from the UCC to the shop floor (Triantafyllou et al., 2014) (Jones et al., 2008) . Pre-retail activities are carried out for example at Meadowhall Shopping Centre UCC in Sheffield (Lewis et al., 2007) , and at Bristol Broadmead UCC (Jones et al., 2008) . For example, in Meadowhall, the clothing garments for one retailers are prepared for display by steaming and hanging prior to delivery in store (Yorkshire and Humber Assembly, 2004) . In addition to freeing space previously used for these activities within the shop, this process offers major savings in both staff time and cost and staff morale, allowing retail staff to concentrate on their core sales duties while reducing timeconsuming pre-retail work (Jones et al., 2008) . For example, in Bristol, retail staff are able to spend more of their time on core tasks e.g. selling or helping customers and not on logistics or deliveryrelated tasks (TRAILBLAZER, 2010a) . A retailer satisfaction survey reported 45% indicating that staff are less stressed and have improved morale, and 38% saying that staff can now spend more time with customers (Jones et al., 2008) .
Business-to Customer (B2C) Services
UCCs can offer a range Business-to Customer (B2C) Services, such home delivery or customer collection of products purchased in town or by mail and online orders (Triantafyllou et al., 2014) .
For example, Binnenstadservice offers homedeliveries (for example for large goods, such as fridges and computers) (Van Rooijen and Quak, 2009) . ELCIDIS in La Rochelle offers home deliveries for large retailers such as Monoprix, Super U and Carrefour (Renaudin, 2014) . CEDM is Lucca also offers home delivery services, for generic users (i.e. citizens living in the service area) or specific user categories (e.g. elderly people, etc.) (Ambrosino et al., 2007) , but also deliveries to specific locations such as hotels, park&buy areas, pick-up points or e-lockers (Layman, 2008) (Di Bugno, 2010) . The CEDM can also operate as a pick-up point for any goods purchased in the historical centre and bound for outside destinationsthe purchase process may be originated in the ordinary way (i.e. directly at the selling point) or by any distant selling means (e.g phone order placement, e-commerce purchase, etc.) while the transport service between the selling location and the CEDM is provided by the CEDM fleet of electrical vehicles (TRAILBLAZER, 2010c) . This can allow transitioning towards "hands-free shopping" systems (i.e. shoppers do not need to carry their purchases with them, and they can easily combine shopping activities with others such as visiting theatres or restaurants, see: (Stratec and others, 2005) ). Customer collect by car points, particularly for retailers of haeavier and bulkier goods can lead to an increased customer dwell time within the shopping area and an increased average spend to the benefit of retailers (Jones et al., 2008) . UCCs can also offer kitting for just-in time delivery services. For example, Colizen (Paris, France) works with Nespresso -the UCC holds a local stock of Nespresso capsules and receives customer orders online. The capsules are kitted and delivered by appointment on the same day. The operator also offers additional services such as descaling of coffee machines at customers" homes (Guillaume, 2010) .
Supplier management and collaborative sourcing
UCCs also present opportunities for supplier management and collaborative sourcing. For example, (Bastien, 2007) reports that Heathrow airport consolidation centre performs supplier management for the retailers by agreeing time windows for each retailer, monitoring and reporting the supplier performance to the retailers and ensuring compliance of the suppliers. In other cases, the UCC is served as a basis for both supplier management and collaborative sourcing. On one hand, this can lead to an improved management of the supplier portfolio. For example, in the case of Borlänge UCC set-up by a Swedish municipality (see (Björklund and Gustafsson, 2012) and (TRAILBLAZER, 2010d)), the supplier management and collaborative sourcing has allowed to increase the competition between suppliers (i.e. several small suppliers did not have sufficient logistics services to be included in the tender) and the number of suppliers increased from eight in 1999 to fifteen in 2001 with more than 20% of the food comes from regional food producers. It is to be noted however that in the following two years, the number of minor suppliers has drastically reduced during the last years, and no clear explanation behind this has been identified (Björklund and Gustafsson, 2012) ). On the other hand, collaborative sourcing can lead to supplier discounts. For example, the Camden Consolidation Centre (see: (LaMilo, 2015) ) has implemented a collaborative sourcing procedure and has reports supplier discounts of 5 to 7% (Symonds, 2015) which partially a result of a reduction in a number of suppliers (Transport for London, 2015a). In the Borlänge case however, no supplier discount was observed, despite that the number of delivery points were drastically reduced (Björklund and Gustafsson, 2012) ). It is to be noted that so far, there are few documented cases of collaborative sourcing and that most of them relate to public institutions (for example: Värnamo case, Katrineholm case documented in (Björklund and Gustafsson, 2012, p. 201) or Southampton case in the Citylab project, see (CityLab, 2015) ), but that CityDepot in Belgium (see: (CityDepot, 2015) ) also proposes this service to its private customers.
Return logistics
UCCs can also serve as hubs for return logistics. In fact, packaging, waste collection and recycling at the UCC consists of using the platform as a storage, trans-shipment and/or treatment facility of waste and recyclables produced by participant retailers (Triantafyllou et al., 2014) . Returns Management allows suppliers to use UCCs to consolidate returns into a central stream ideally using the available backload capacity of delivery vehicles (Triantafyllou et al., 2014) . All of the analysed UCCs propose this type of sercice. In Broadmead, Bristol, retailers have cardboard and plastic materials collected and recycled (Jones et al., 2008) . Heathrow airport UCC also receives outgoing waste and recyclable material from stores (Jones et al., 2008) . Binnenstadservice offers collection of the clean waste as a service (Van Rooijen and Quak, 2009 ).
Other services
Specific UCCs also offer some other services. CityDepot in Belgium and Lucca UCC also propose transport brokerage services for their customers (CityDepot, 2015; Luccaport, 2015) . For example, Lucca UCC proposes national and international deliveries in collaboration with the major carriers and transport operators (Luccaport, 2015) . Finally, some UCCs also propose a series of niche services. For example, Lucca UCC proposes transport and storage services for buyers and retailers of Lucca antique market (Luccaport, 2015) . La Rochelle UCC propose the pick-up and the deliveries of the laundry (ADEME, 2004).
Summary of different UCC operating models
Based on the analysis of the case studies, we have been able to identify main activities performed at each UCC (see Table 2 ). Although differences exist within each category with regards to the scope or the intensity of the performed activities, we can see that there are roughly three major operating models for the UCC experiences:
(1) UCCs based on retail-activities (Bristol-Bath consolidation centre (UK), Meadowhall UCC (UK) Heathrow retail consolidation centre (UK)): these UCCs are relevant to clearly defined retail areas or retail sites and focus on activities such as temporary storage or pre-retailing, providing a clear added value for participating retailers. The main target are the participating retailers and there is little evidence of proposed B2C services.
(2) Generalist UCCs (Lucca consolidation centre (IT), Cityporto Padova (IT), ELCIDIS, La Rochelle (FR), Binnenstadtservice Nijmengen (NL), City Depot (BE)): these UCCs diversify their activities and propose consolidation, value-added services as well as B2C services, targeting a range of actors such as shippers, carriers, retailers and private customers.
(3) Public stakeholders UCC (Borlänge consolidation centre (SE), Camden Consolidation Centre (UK)): these UCCs focus on cross docking activities with some evidence of short-term storage and propose collaborative sourcing activities for the participating parties. 
Application of SCOR model to different UCC operating models
The application of the SCOR model to different operating models of UCCs is done in two steps: (1) modelling with SCOR the supply chain processes without the UCC and with the UCCs in order to highlight those that are affected by the introduction of this new service; (2) identification of the performance metrics relevant to the identified processes and aggregation of the metrics according to their category.
In order to model the supply chain operations, we have first identified all the supply chain actors.
Other than the UCC, actors will depend on the considered operating models and can be put in two major categories: transporters (who can be a third party transporters or shippers for all types of operating models) and receivers (who can be retailers for retail-based or generalist UCCs, private customers for generalist UCCs performing B2C services or actors such as a municipalities for public UCCs). The next step is the identification of the relevant processes and sub-processes (in the case of UCC operations, the sub-processes will always be part of the plan, source, deliver, return and enable processes). The modelling of the processes allows highlighting which activities are performed by each actor and how these activities change with the introduction of the UCC. An example of the modelling of the SCOR processes for the retailbased UCC can be seen on the following pages. Figure 3 shows the processes without the UCC and Figure 4 shows the processes with the UCC. We can see that the introduction of the UCC results in the shifting of certain activities from the retailer towards the UCC (e.g. the verification of the products and the management of the returns), allowing the retailer to focus more on the core activities. We can also see the appearance of some new activities such as sE3 Manage Data and Information. However, the graphical representation of the processes at Figure 3 and Figure 4does not allow to fully appreciate certain elements such as the reduction of the lead time for restocking orders by the retailers. These elements will be accounted for in the second phase of the application of the SCOR model, the identification of performance metrics.
The generalists UCCs will have a similar process description for the retail deliveries as well as a parallel branch for the B2C services such as the home deliveries. The public UCCs will not include the pre-retail activities but will have a much higher focus on the supplier management and sourcing.
Once that the SCOR processes have been modelled it is possible to identify the performance metrics relevant to all sub-processes. The Table 3 shows the performance metrics according to different categories for the three operating models as well as for a simple transhipment centre where only crossdocking and consolidation activities are performed. For each of the performance metrics, the relevant stakeholders are identified. We can draw several conclusions. First of all, UCCs can in fact yield significant supply chain benefits and positively influence its performance beyond elements that are traditionally considered in their evaluations such as the capacity utilisation (Asset Utilisation) and the environmental impact (Green SCOR 
Conclusion
The present paper proposes the application of the SCOR model in order to investigate the impact on the supply chain performance of several UCC operating models. This allows highlighting that the overall impact on the supply chain performance tends to increase with the number of value-added activities performed at the UCC. In particular, SCOR model allows emphasizing the impact of the UCCs on the reliability, responsiveness and agility of the supply chains. This brings an innovative aspect to the UCC projects evaluation. In fact, many current evaluation methods focus only on cost, environmental or asset utilisation related metrics.
The present approach does however have some limitations. SCOR does not include all activities performed by the supply chain actors. An example of such unaccounted for activity is sales: the UCC impacts on these activities are missing although evidence from literature does tend to suggest that the introduction of the UCCs can in fact increase sales. SCOR model does however allow pinpointing one of the root causes of the sales increase, which is the increased product availability, but does not account for other elements such as the increase in product range resulting from the decreased inventory requirements. In fact, an increase in product range falls within strategic company decisions with regards to its commercial approach. SCOR model does not allow modelling these decisions but does however provide as assessment of the supply chain that aims in evaluating the operational feasibility of the aforementioned decisions. The next step is to apply this model in practice and to quantify these metrics. The SCOR model presents the advantage of proposing a set of measurable metrics for investigating the supply chain performance and linking them to the operational processes. However, in order to highlight the overall impact of the different UCC operating models on the supply chain performance, it is necessary to provide a weighting and an aggregation of these metrics. This analysis can serve to demonstrate the role of UCCs in sustainable city distribution but also in sustainable supply chain management.
